A chemical test to distinguish smokers and nonsmokers is important in many epidemiologic studies. We have developed an automated method for determining serum thiocyanate by use of the reaction between thiocyanate and ferric ions to form a colored complex. Our data show that this method distinguishes cigarette smokers and nonsmokers: of 197 healthy individuals studied, 1.8% false-positive and 6.7 % false-negative results were obtained when 85 smoI of SCN per liter was the critical value used to distinguish the two populations.
stopped smoking had not actually done so (1) . Many workers have shown that both serum and plasma thiocyanate (2) (3) (4) (5) (6) and blood carboxyhemoglobin (1, (6) (7) (8) -9H2O] in nitric acid (1.5 mol/liter) and dilute to 1 liter with 1.5 mol/liter nitric acid. Filter and store in a dark bottle at room temperature; prepare every two weeks.
Sodium perchlorate (0.1 mol/liter): Dissolve 12.25 g sodium perchlorate in de-ionized water and dilute to 1 liter with water. Add 1.0 ml of "Brij-35" surfactant (30 g/dl), mix and store in a dark bottle at 4 #{176}C; prepare every two weeks.
To 1 liter of de-ionized water add 1.0 ml of Brij-35 (30 g/dl) and mix; prepare as needed.
Method Development
The determination is run on the AutoAnalyzer II (Technicon Instruments Corp., Tarrytown, N. Y. 10591) at 50/h with a sample-to-wash ratio of 2:1. Figure 1 shows the flow diagram. The 460 nm transmission maximum of the colorimeter filter is the same as the absorbance maximum for the ferric thiocyanate complex. Double dialyzers and mixing coils were used to gain adequate sensitivity.
In our original experiments, water was used to dilute the samples before dialysis; however, under these conditions the baseline shifted significantly between aqueous standards and serum specimens. Substitution of saline (0.10 or 0.15 mol of NaC1 per liter) gave a stable baseline, but less than 90% of SCN added to serum was analytically accounted for (Table 1) . Pollay et al. (13) showed that under physiological conditions serum thiocyanate is 40% protein bound, exclusively to albumin. As shown in Table 1 , use of standards prepared in albumin solution (3 g/dl) and run with a NaCl (0.15 mol/liter) diluent produced a higher relative recovery. However, this recovery was still less than 100% and required using inconvenient albumm base standards.
In an attempt to displace SCN from the serum albumin, NaC1O4 was used in place of NaCl in the diluent.
It can be postulated that NaC1O4, a chaotropic agent, which partially denatures the albumin, eliminates the binding sites for the thiocyanate.
As indicated in Table 1 With Fe(N03)3 . 9H2O concentrations of 2, 5, 10, 20, 50, and 100 g/liter, the recoveries of SCN added to a serum pool were 100, 100, 100, 98.5, 95.5, and 92.0%, respectively. Absorbance and SCN concentration were linearly related in each case, but adequate recovery was found only with the lower concentrations of ferric nitrate. Adequate sensitivity and a low signal-to-noise ratio became a problem with the lowest ferric nitrate concentrations, and we ultimately selected 10 g of Fe(NO3)3 -9H2O per liter as the optimum concentration. for 205 normal individuals. These subjects were not under a doctor's care and were determined to be healthy on the basis of a health history, physical examination, and a battery of chemical and hematologUnder the optimized conditions, recoveries of 100-101% were obtained for 50, 100, and 150 mol of SCN per liter added to a serum pool with an initial SCN content of 60 imol/liter. Table 2 shows the precision of the method as assessed by analysis of variance of three different control samples, each run in duplicate for 20 days. Carryover was calculated (15) to be 0.4% low-to-high and high-to-low between standards of 20 mol and 250 tmol of SCN per liter. Figure  2 illustrates the in-run precision, stability, recovery,carryover, and linearity of the method.
Discussion
The best way to judge whether this method fulfills its purpose is, of course, to see whether it distin- (Figure 4) . The one pipe smoker in the study had an average SCN concentration of 122 molfliter, and one participant who chewed tobacco had the lowest concentration observed among all subjects (12 jzmol per liter). There is a positive relationship between the serum thiocyanate concentration and number of cigarettes smoked (Figure 4 ) , but the correlation is poor (r = 0.46). The correlation between smoke inhaled and serum SCN would probably be much higher. The low correlation calculated from the data in Figure 4 may reflect inaccurate estimates of the iumber of cigarettes smoked, the length to which the cigarette was smoked, the difference between filter and nonfiltar cigarettes, and the wide range of "ambient" SCN concentrations among nonsmokers.
Fifty-nine of the subjects had at least four consecutive weekly blood samples drawn (Table 3 ). These data show that the intraindividual variation for cigarette smokers (CV, 8.8%) and nonsmokers (CV, 16.0%) is significantly less than the interindividual population variation shown in Figure 3 , where the coefficient of variation for the cigarette smoker is 33% and for the nonsmokers 37%. It is also shown that individual smokers have smaller relative ranges than nonsmokers because of the much higher mean values.
